Since the report on single bunch beam loading experiments at SLAC at the 1975 Particle Accelerator Conference, it has been possible to obtain a much better understanding and agreement of theoretical and experimental results related to this problem. These improvements have been made possible by two developments: the generation of a "wake-field" function for the SLAC 3-km slow-wave structure and the use of this function to calculate single bunch energy spectra. The wake-field function which gives the time decay of the fields generated by the passage of a deltafunction beam has been derived by summing all the TM cylindrically symmetrical modes of an equivalent accelerator cavity. By multiplying this wake-field function by a measured bunch density function and integrating along the bunch, it is possible to calculate the energy of each electron in the bunch. This in turn enables one to predict the energy spectrum for any given phase angle of the bunch with respect to the crest of the RF accelerating wave. Agreement between these calculations and experimental measurements is very
good. The paper presents these results and discusses the possible sources of some of the remaining discrepancies. Introduction This paper is the third report on the subject of single bunch beam loading on the SLAC three-kilometer accelerator. The first series of experiments1 was performed under less than ideal conditions and when the physical process was only poorly understood. The results showed that the energy lost by the bunch in the three-kilometer accelerator was proportional to bunch charge but independent of its energy in the range between 0. 9 and 19 GeV. The second series of experiments2 was done under significantly improved experimental conditions and with a much better understanding of the underlying mechanism. An empirical theory was developed which gave reasonable agreement with the measurements. The present paper uses much of the same experimental data but puts the theory on solid ground, based on the calculation of a wake-field function. To put this progression into focus, it is necessary to recapitulate briefly the nature of the experiment and the empirical theory.
Review of Experiment and Empirical Theory Because of lack of space, the figure illustrating the experimental setup is not reproduced here and the reader is referred to Ref 
where ZSE = 4 MeV for z:E/E =O. 1% if one assumes a zerodiameter beam. For such a hypothetical beam, the charge transmitted through the slit is sharply cut off by both edges. Within the slit, it is proportional to the interval (02-01) multiplied by a properly normalized axial bunch distribution function f(00 -0) which extends from 00 to 00-p. Actually, because of the finite beam diameter (-3 mm) at the slit (6 mm), the charge transmitted is also multiplied by a slit function derived for a circular beam going through a straight-edge slit. This slit function has the effect of widening the momentum acceptance to 0. 15% and smoothing the edges. In the presence of beam loading, the above energy equations become: before any theoretically derived function was available, a half-Gaussian was arbitrarily assumed. It gave somewhat less than adequate agreement with experimental results but it was no more than an educated guess.
Wake-Field Function
Parallel work that was being done at the time for the study of beam loading in storage ring cavities and vacuum envelopes led to the idea that the wake field might be calculable from a modal analysis. The wake-field function is the energy loss as a function of time resulting from and following a unit delta-function charge impulse which transits the structure. It was computed by a method described in detail in Ref. 4 What conclusions can be drawn? --The shape of the wake-field function seems to yield very good agreement with experiments as far as spectrum profiles are concerned. Hence, although there is presently some discussion4 as to whether the modal analysis should also include a scalar potential, the shape of the present function cannot be far from correct.
--The fact that the amplitude of the calculated wake-field function seems to fall short by 35% can be explained by a number of alternate or cumulative effects: a) Experimental current measurements may have been low by 20%.
b) The number of actual "cavities" due to discontinuities along the accelerator vacuum envelope may add another few percent to the total assumed number. c) Transverse non-azimuthally symmetric modes which are not included in the sum, combined with the fact that the beam spends some of its trajectory off-axis where it can interact with them, may increase the loss by about 20%. 
